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SUMMARY

Today viral fish diseases cause major losses in the world aquaculture. Pathogen spread often occurs during the transportation of fish from infected farms to the
disease-free ones. Therefore, the import of fish stocking material to Russia from countries with a different epidemic situation requires risk-based monitoring and
forecasting. Diagnostics is of primary importance in the complex of measures to prevent the spread of viral infections in fish. To date, laboratory diagnostics of viral
fish diseases is based on pathogen isolation and its identification using serological methods which require a lot of time and are performed only in large research
institutes with specialized laboratories. Molecular diagnostic methods are more sensitive and high-performance. The article presents the results of using reverse
transcription polymerase chain reaction to detect a number of highly dangerous viral diseases of fish (Salmonidae). As a result of this work, primers were selected
and the temperature and time conditions of the reaction were optimized for the identification of infectious hematopoietic necrosis, viral hemorrhagic septicemia and
infectious salmon anemia. The results obtained during the research allowed us to establish that this diagnostic method is highly specific with analytical sensitivity to
infectious salmon anemia virus of 2.5 g TCD, /cm?’, to infectious hematopoietic necrosis - 2.91g TCD, /cm’ and to viral hemorrhagic septicemia — 4.2 [gTCD, /cm’. The
described method was used to identify reference and field strains available at the FGBI ARRIAH Reference Laboratory for Aquaculture Diseases and isolated in different
years in fish farms in the territory of the Russian Federation. The research data correlated with the results obtained from virus neutralization in cell culture and ELISA
performed using commercial kits. The proposed method of RT-PCR allows to detect pathogens both in fish with pronounced clinical signs and in latent virus carriers.
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PE3IOME

B HacToALLiee Bpems OCHOBHOV yLL1ep6 MUPOBOi aKBaKybTYPe HAHOCAT BIUPYCHble 60ne3HH pbi6. Bo36yauTenu 6one3Heit YacTo NPOHKAKIT U3 OfHIX PbIOOBOAHDIX
X03AIICTB B Ayruie NPy NepeBo3Kax MHOUUMPOBAHHDIX Pbib 13 HebrarononyuHbIx Xo3AicT8 B 6rarononyyble. Mo3ToMy 3aB03 PbIGONOCAAOYHOTO MaTepHana
B POCCUI0 M3 CTPaH C pa3niyHOii SMM300TONOTUYECKOI CUTYaLMei TpeBYET MOHUTOPUHTA 1 MPOTHO3MPOBAHMA HA OCHOBE BO3MOXHBIX PUCKOB. Beayuiee mecto
B KOMMAEKce MeponpuATHii No NpeoTBPALLEHIO PACTPOCTPAHEHIA BUPYCHBIX MHGEKLMIA PbIb 3aHUMaeT AuarHocTuKa. Ha cerogHsLwHuii AeHb fabopatopHas
JAMarHoCTvKa 60ne3Heli pbio BUPYCHOI NPUPOALI 0CHOBAHA Ha BbIAENEHII BO3OYAUTEN U €r0 MAEHTUOUKALMN CEPONIOTMYECKUMIN METOAAMM, KOTOPble TpebyioT
6ONbLLUMX 3aTPaT BPEMEHI 1 BLIMOMHAIOTCA TOMLKO B KpYMHbIX HAYYHO-MCCNIEAO0BATENbCKUX MHCTUTYTaX, UMEROLLMX NPOGUbHbIE nabopaTopun. bonee uyBcTBU-
Te/IbHbIMY U BbICOKONPOU3BOAUTENbHbIMM ABIAOTCA MOSIEKYNAPHbIE METO/bI ANArHOCTUKI. B CTaTbe Npe/iCTaBieHbl pesynbTaTbl NPUMEHEHIUA MONMMePasHoil
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LienHoli peakLmu ¢ 06paTHOI TpAHCKpUNLeii No BbIABAEHMIO pAAa 00060 onacHbIX BUPYCHbIX Gone3Heit pblb cemeiicTBa 0COCEBBIX. B peynbrate npofenanHoii
paboTbl 6l MoA06PaHbI Npaitmepbl U ONTUMU3UPOBAHbI TEMNEPATyPHO-BPEMEHHbIE YCNOBUA NPOBEAEHNA PeaKLM ANA UAEHTUOUKALMN UHOEKLMOHHOTO
HeKpo3a reMono3Tuueckoli TKaHu, BUPYCHON remoppariyeckoil CenTLeMun 1 MHHEKLMOHHON aHeMUN N0COCEBBIX. Pe3ynbTaThl, NONyyeHHbIe B X04e Uccne-
JLL0BaHWiA, N0O3BONUAYN YCTAHOBWTb, YTO AAHHBIl AMArHOCTUYECKNIA METOZ ABNAETCA BbICOKOCTELMOUYHBIM C AHANUTUYECKOIA YyBCTBUTENbHOCTBIO ANA BUPYCA
NHOEKLMOHHOM aHeMum N10coceBbIX — 2,5 Ig TU1150/CM3, NHEKLIMOHHOTO HEKPO3a remono3TYeckoil TkaHu — 2,9 lg TlJ.,[lm/qvl3 11 BUPYCHOIA remopparuyeckoit
centuuemum — 4,2 Ig TLlﬂso/cva. ( nomoLLibto onncaHHoro MeToza bbina NpoBefeHa AEHTUPUKALMA PeGepeHTHBIX 1 NONEBbIX LUTAMMOB, UMEIOLUXCA B pede-
peHTHoIi nabopatopuy no 6one3xam akakynbTypbl OTBY «BHUN3M» 1 BbiaeneHHbIX B pasHble rofbl B pbl60BoAYeCKIX X03AIACTBAX Ha TeppuTopum Poccuiickoit
Oepepauyin. [laHHble, NonyyeHHble B XOAe NCCTIE[0BAHINI, KOPPENMUPOBANM C pe3ynbTaTaMu BUPYCOBbIAENEHNA HA KYNBTYPe KNETOK U UMMYHOGEPMEHTHOTO
aHanu3a C UCnonb30oBaHNeM Kommepueckux Habopos. lpeanoxeHHas MeToAUKa NPoBeAeHMA NOAMMEPa3HOIl LLeMHON peakLmm ¢ 06paTHOI TpaHCKpUnLmeil
no3BonAeT 06HapyxuTb Bo30yAuTeNeil 6one3Helt y pblb Kak ¢ ABHBIMI KNMHNYECKIMI NPU3HAKaMU, TaK U CO CKPbITbIM BUPYCOHOCUTENbCTBOM.

KntoueBble cnoBa: 6onesHi pbib, MHOEKLMOHHAA aHeMUA JT0COCEBbIX, BUPYCHAA reMopparuyeckas centuiemis, iHGEKLMOHHbII A HeKpo3 reMono3Tnyeckoii
TKaHu, NonuMepa3Has LienHas peakLma ¢ 06paTHoli TpaHCKpUnuyedi, cneuuPuuHoCTb, aHaNUTUYECKasn YyBCTBUTENbHOCTD.

[insa untnposanus: Tapacosa A. C., lMepuyH A. B., Menbhukos B. 1. lpumeHeHme nonumepasHoii LienHoil peakLyun Ans BbiABNeHNA Bo30yAuTeneii HeKOTopbIX
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INTRODUCTION

Today viral fish diseases have a world-wide distribution.
About a quarter of the detected viruses cause diseases that
result in serious losses in aquaculture. Among the most
dangerous diseases are infectious hematopoietic necrosis,
infectious salmon anemia, viral hemorrhagic septicemia,
etc.! Despite the fact that most infections do not pose an
immediate risk to human health, they have a negative
impact on the fish growth rate, its marketable condition,
the quality of fish products, and are accompanied by high
mortality rates [1].

Disease prevention, i.e. prevention of pathogen in-
troduction into disease-free regions, is the major tool
for controlling infectious fish diseases all over the world.
Therefore, the import of fish stocking material to Russia
from countries with different epidemic situations requires
risk-based monitoring and forecasting [2, 3, 4].

Diagnostics is of primary importance in preventing the
spread of viral fish infections. To date, laboratory diagnosis
of viral fish diseases is based on pathogen isolation and its
identification using serological methods which require a
lot of time and are performed only in large research insti-
tutes with specialized laboratories [1, 5].

Molecular diagnostic methods are more sensitive
and require less time than culture and serological me-
thods traditionally used to identify pathogens of viral
fish diseases. Over the past decades, molecular diagno-
sis of diseases (including fish diseases) has advanced
significantly. Such methods include polymerase chain
reaction (PCR) which allows to detect the virus both in
fish with pronounced clinical signs and in latent virus
carriers?.

"Vasilkov G. V., Grishchenko L. I, Engashev V. G., Kanaev A. I., Larko-
va Z. I, Osetrov V. S. Fish Diseases: Reference book. Ed. by V. S. Osetrov.
2" ed., revised. M.: Agropromizdat; 1989. 288 p.

2Voronin V. N., Kuznetsova E. V., Strelkov Y. A., Chernyshova N. B. Fish
Diseases in Aquaculture in Russia: Practical guidance. SPb.: FSBSI “VNIRO";
2011.264 p.

In Russia there aren't any methods that are low cost,
easy to use and, most importantly, high sensitive. Only im-
ported kits and test systems for viral fish disease diagnosis
are available on the domestic market.

The purpose of this study was to assess the possibility
of using reverse transcription polymerase chain reaction
(RT-PCR) for the detection and identification of highly
dangerous viral diseases of fish (Salmonidae), such as viral
hemorrhagic septicemia, infectious hematopoietic necro-
sis and infectious salmon anemia.

MATERIALS AND METHODS

The following strains were used in the study: Oren-
burg/14 strain of spring viraemia of carp virus (SVCV),
Arkus 32/87 strain of infectious hematopoietic necrosis
virus (IHNV), FLD/2004 strain of infectious pancreatic nec-
rosis virus (INPV) and Aland strain of viral haemorrhagic
septicaemia virus (VHSV), which are stored in the collec-
tion of microbial strains at the FGBI “ARRIAH", as well as
CCBB strain of infectious salmon anemia virus (ISAV), ob-
tained from the American Type Culture Collection (ATCC)
in 2019.

The total RNA of the studied viruses was isolated using
RNA-Extran commercial kit (Syntol, Russia) according to
the recommendations of the manufacturer. The synthe-
sis of cDNA from an RNA template was performed using
OT-1Test kit (Syntol, Russia), according to the recommen-
dations of the manufacturer. The PCR was performed
in a 25 pl reaction mixture using Encyclo Plus PCR kit
(ZAO “Evrogen”, Russia) according to the package insert.
PCR was performed in a PTC-200 DNA Engine Cycler
(Bio-Rad, USA). Previously published PCR primers were
used [6, 7, 8]. The primers were synthesized by the Syntol
company (Russia).

Amplicons obtained during PCR were analyzed by
electrophoresis using 2% agarose gel and 10 mg/ml
ethidium bromide in 1x trisborate buffer at 10 V/cm for
one hour. PCR product (15 pl) was added to each well.
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M100 (5 pl; Syntol, Russia) was used as a molecular weight
marker (100 bp increment). The gel was documentedusing
Gel Doc XR+ Documentation System (Bio-Rad, USA).

The reaction sensitivity was analyzed by using ten-fold
serial dilutions of viral cDNA. The analytical sensitivity limit
was considered to be the highest dilution at which a posi-
tive result was registered.

RESULTS AND DISCUSSION

Based on the analysis of the studied viruses’ genome
sequences represented in the GenBank database of the
U.S. National Center for Biotechnology Information (NCBI),
and the recommendations of the World Organization for
Animal Health (OIE), primers specific for conserved regions
of the eighth segment of the ISA virus, of nucleocapsid
(N) gene of VHSV and of G gene of IHNV, allowing to iden-
tify the maximum number of known strains and isolates
of these viruses, were selected. The primer sequences are
presented in Table 1.

During a series of experiments, temperature and time
conditions for PCR were optimized. When amplifying a
fragment of the IHN virus genome, the number of cycles
was increased from 30 to 35, which allowed a larger num-
ber of amplicons to be produced, thereby increasing the
sensitivity of the reaction. When amplifying a fragment of
the ISA virus genome, the annealing time was reduced
from 45 to 30 seconds, and the synthesis time was reduced
from 90 to 60 seconds, which allowed to reduce the reac-
tion time without losing its effectiveness. When amplifying
a fragment of the VHS virus genome, the annealing tem-
perature was increased from 52 to 55 °C, which increased
the specificity of the reaction.

The optimized amplification parameters for the studied
infections are presented in Table 2.

The specificity of the selected primers was tested ex-
perimentally during the study of cultures inoculated with
SVC, VHS, IPN, IHN and ISA viruses using RT-PCR. The virus
genome fragments obtained after amplification were ana-
lyzed using agarose gel. The gel was examined under UV-
light (wavelength 312 nm) and the reaction results were
interpreted based on the presence or absence of luminous
bands.

Figure 1 shows the electrophoregrams of the analysis.

From the data presented in Figure 1, it can be seen
that for wells No. 2 containing IHN, ISA and VHS virus
strains, clear fragments are observed at 693 bp (a),
211 bp (b) and 811 bp (c), respectively. As for the other
wells, including the ones with negative control, these
fragments are not observed, which indicates the high
specificity of the selected primers for detecting the
pathogens causing the above-mentioned infections and
the absence of contamination of the used reagents of
the tested or foreign RNA.

Analytical sensitivity was estimated on ten-fold serial
dilutions of cDNA obtained from reverse transcription
with the RNA extracted from ISA, VHS and IHN virus cul-
tures which had initial infectivity titres of 5.5; 7.2 and
6.91g TCD, /cm’, respectively. The sensitivity limit was con-
sidered to be the highest dilution at which a positive re-
sult was registered. The calculated values of the analytical
sensitivity of the optimized PCR were 2.5 1g TCD, /cm? for
thelSAV,2.91gTCD, /cm?*for the IHNV,and 4.2 IgTCD, /cm®
for the VHSV.

The results of analytical sensitivity testing are provided
in Figure 2 and Table 3.

Table 1

Design of primers for detection of pathogens causing infectious salmon anemia,

viral hemorrhagic septicemia and infectious hematopoietic necrosis

Ta6nuua 1

(TpyKTypa npaiimepoB AN BbiABNEHUA Bo36yauTeneil MHOEKLMOHHOI aHeMUM
N10COCEBbIX, BUPYCHOI remMopparnyeckoil cenTuuemum u MHGeKLMOHHOTo HeKpo3a

remMono3TM4ecKoi TKaH!

Size of
PCR-product, bp

Primer sequence (5"-3")

Reference

ISAV
F-GAAGAGTCAGGATGCCAAGACG
M M. Devold et al. [6]
R-GAAGTCGATGAACTGCAGCGA
VHSV
Rl 811 OIE. Manual of Diagnostic Tests for
R-TCTCTGTCACCTTGATCC Aquatic Animals (8]
IHNV
F — AGAGATCCCTACACCAGAGAC
693 E.J. Emmenegger et al. [7]
R — GGTGGTGTTGTTTCCGTGCAA

F — forward primer;
R — reverse primer.

Table 2
Amplification parameters

Tabnuua 2
NMapametpblamnaudukauum

& Stage S cydes
1 94 3

Pre-denaturation
Denaturation 94 12
59 (ISA)
Annealing of primers 35 50 (IHN) 12
55 (VHS)
Synthesis 72 1
Final synthesis 1 72 7
Storage 1 4 20

Thus, the proposed RT-PCR method allows to detect
ISA, IHN and VHS viruses at their minimum infectivity
titres of 2.5; 2.9 and 4.2 Ig TCD, /cw’, respectively. The
specificity of the selected primers was tested using the
BLAST program, as well as experimentally. The PCR re-
sults presented in Figure 1 show that the selected pri-
mers hybridize only with the fragments complementary
to the target viral RNA and do not interact with the RNA
of nontargets.

The described method was used to identify reference
and field strains isolated on fish farms in the territory of
the Russian Federation in different years and available at
the FGBI “ARRIAH" Reference Laboratory for Aquaculture
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Fig. 1. Electrophoregrams of RT-PCR specificity testing results for detection
of infectious hematopoietic necrosis (IHN) (a), infectious salmon anemia (b)
and viral hemorrhagic septicemia (c) viruses

a) 1-molecular weight markers “M100”;
2 - Arcus 32/87 strain of the IHN virus;
3 - Aland strain of the viral hemorrhagic septicemia (VHS) virus;
4 - FLD/2004 strain of infectious pancreatic necrosis (IPN) virus;
5-Orenburg/14 strain of the spring veremia of carp (SVC) virus;
6 - negative control (sterile water free of RNase and DNase);

b) 1-molecular weight markers “M100”;
2 - CCBB strain of the infectious salmon anemia (ISA) virus;
3 - Orenburg/14 strain of the spring veremia of carp (SVC) virus;
4 - Aland strain of the VHS virus;
5 — Arcus 32/87 strain of the IHN virus;
6 — FLD/2004 strain of infectious pancreatic necrosis (IPN) virus;
7 - negative control (sterile water free of RNase and DNase);

¢) 1-molecular weight markers “M100";
2 - Aland strain of the VHS virus;
3 - Arcus 32/87 strain of the IHN virus;
4 - FLD/2004 strain of infectious pancreatic necrosis (IPN) virus;
5 - Orenburg/14 strain of the spring veremia of carp (SVC) virus;
6 — negative control (sterile water free of RNase and DNase).

Puc. 1. Snekmpogopezpammsl pe3ynbmamos mecmuposaHus
cneyugpuyHocmu memooa OT-[1L|P 0ns sviaeneHus supycos MIHIT (a),
WAJ1 (b) uBIC (c)

a) 1-mapkep monekynapHeix gecos «M100»;

2 —wmamm «ApKyc 32/87» supyca IHI'T;

3 - wmamm «AnaHo» supyca BIC;

4 - wmamm «FLD/2004» eupyca HITXK;

5 — wmamm «OpeHb6ype/14» supyca BBK;

6 — ompuyamesbHblli KOHMPOJIb (CMepusbHAs 800d, c80600HAs om PHKa3
u/]HKa3);
b) 1-mapkep monekynapHoix secos «M100»;

2 —wmamm «CCBB» supyca VIAJT;

3 - wmamm «OpeHbype/14» supyca BBK;

4 — wmamm «AnaHo» supyca BIC;

5 —wmamm «Apkyc 32/87» supyca IHI'T;

6 — wmamm «FLD/2004» eupyca HITXK;

7 — ompuyamesibHbili KOHMPO/Ib (CMepusibHas 800a, c8o600Has om PHKa3z
u/[]HKa3);
c) 1-mapkep monekynapHeix gecos «M100»;

2 — wmamm «AnaHo» supyca BI'C;

3 —wmamm «Apkyc 32/87» supyca IHI'T;

4 - wmamm «FLD/2004» eupyca HITXK;

5 —wmamm «OpeHbype/14» supyca BBK;

6 — ompuyamesbHblli KOHMPOJIb (CMepusbHAs 800d, c80600HAs om PHKa3
u []HKas3).

Diseases. The data obtained in the studies using RT-PCR
correlated with the results obtained by virus isolation in
cell culture and by ELISA using commercial kits produced
by TestLine Clinical Diagnostics Ltd. (Czech Republic) and
Bio-X Diagnostics S.A. (Belgium).

Table 3
Determination of optimized RT-PCR analytical sensitivity

Tabnuua 3
Pesynbratbl onpepeneHna aHanUTUYECKoil YyBCTBUTENbHOCTH
onTumusuposatHoii OT-MLP

Virus infectivity titre,

Dilution RT-PCR result

LgTCD, /cm®
ISAV

2 107 45 +

4 10° 25 +

6 10° 0.5 -

IHNV

2 107 5.9 +

4 10° 39 +

6 10° 1.9 -

VHSV

2 107 6.2 +

4 103 42 +

6 10° 2.2 -

“+" — positive result;
"~ — negative result.

The results presented in the article on the use of
conventional gel-based RT-PCR show that despite the
high effectiveness of this method, it is still inferior to
more modern molecular genetic diagnostic methods,
such as real-time RT-PCR and microchip-based RT-PCR.
The main advantages of the latter two methods: they
are more sensitive, less time consuming and there is
reduced contamination due to the absence of the gel
electrophoresis. Despite a number of advantages, real
time RT-PCR is not widely used in our country for viral
fish disease diagnosis and was used only by M. I. Doro-
nin et al. together with the employees of the company
00O “Lumex-marketing” (Saint Petersburg) for IHNV
and VHSV detection [9].
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It should be mentioned that in Russia data on the use
of RT-PCR for diagnosis of such viral fish diseases as IHN,
VHS and ISA is scarce. There is a limited number of publi-
cations on the development and use of this molecular ge-
netic method [2, 9, 10, 11], while it has become commonly
used abroad. In many countries, selective amplification of
viral genome fragments using PCR with subsequent se-
quencing is used not only for the diagnosis of IHN, VHS
and ISA viruses, but also for the development of methods
for their typing [12, 13, 14].

CONCLUSION

As a result of the research, primers were selected and
the temperature and time conditions of PCR were opti-
mized to detect such viral fish diseases as viral hemor-
rhagic septicemia, infectious hematopoietic necrosis and
infectious salmon anemia.

The results demonstrate high specificity of this diagnos-
tic method and its analytical sensitivity of 2.5 IgTCD, /cwm®
when detecting infectious salmon anemia virus,
2.9 1g TCD, /em® ~ infectious hematopoietic necrosis virus
and 4.2 1g TCD, /cm® - viral hemorrhagic septicemia virus.
The RT-PCR allowed to reduce testing time to 5 hours, while
the“gold” standard - virus isolation — takes several weeks.

The proposed method can be used to detect ISA, IHN
and VHS viruses in monitoring studies of pathological
material samples collected from salmonid fishes. The pe-
culiarity of this method is that it allows to detect infected
fish before the onset of clinical signs, in latent virus carries,
which is especially important for cross-border transporta-
tion of hydrobionts.

Upon the results of the studies, guidelines for ISA, IHN
and VHS virus identification using gel-based RT-PCR were
prepared and approved by the Scientific Council of the
FGBI“ARRIAH".
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